Renewable Energy Sources (RES) and especially wind energy are seen as an essential part of the future clean energy system. In the present paper, the wind potential of Kythira Island was studied and a techno-economic analysis was done aiming at identifying the optimum solution for the proposed Wind Farms (WF) to be installed so that this isolated island to be interconnected to the mainland. The basic aim was to a) optimize the overall power output of the system, b) decrease the state participation investment costs, and c) secure energy safety for the area protecting at the same time the environment. For that reason, special focus was given to the environmental constraints for the implementation of a green development plan for the island. The detailed method followed was to examine different scenarios on wind farm optimal planning and taking into account environmental restrictions, the results of an X 10 the HV line cost per km of greater or equal length than 10 km X 1.5 the HV line cost per km of greater or equal length than 1.5 km
analytical investment tool and newly introduced indices help decision makers optimize the results. This study is a case study supporting an analyzing method that should be followed for all private investments which are subsidized partly from the state. 
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Introduction
An analytical methodology was presented in this paper to examine different WF planning options in a Greek Island based on environmental, economic and profitability criteria. Some new indices were introduced to assist decision makers optimize the results according not only to the growth of private funds but also based on the Greek welfare state. In order to reach the final results a detailed wind resource analysis, for analysing planning options is primarily needed.
Accurate wind resource measurements are necessary for the exploitation of wind energy, for identifying the wind power production potentiality of each area. For the evaluation and understanding of the prevailing winds in Kythira Island, Geographic Information Systems (GIS) tools, the WAsP (Wind Atlas Analysis and Application Program) [1] and WindRose [2] softwares were used as wind data analysis tools, and a wind map was created portraying the wind speed at a height of 80 meters above ground level (m.a.g.l.).
Greek terrain is mostly mountainous with areas extending into the sea as peninsulas.
For determining the wind profile in the islands different measuring and modelling techniques are used. However, more often -as in the examined case, meteorological masts are installed where this is possible. From the results' analysis an initial assessment of the under examination area is the outcome each time. In this paper, initially, a complete statistical analysis of the wind data and a wind turbine planning/sitting (taking into consideration all the planning and environmental constraints) on the island was done and based on the up-to-date interconnection costs a techno-economic analysis helps to finalize the WF planning and the size of the investment. A literature review, site experimental results, discussion and conclusions follow in the next sections. This first section is the introduction; section 2 includes important background studies on the field, section 3 presents the methodology, section 4 examines different scenarios and section 5 concludes.
Literature Review
A large body of literature concerning the interconnection of insular areas with the main system worldwide has been carried out over the past few decades. Not many however deal with the interconnection of the Greek Islands with the mainland.
Hatziargyriou et al. [3] showed how the Islands' interconnection will contribute to increase the wind power penetration in the Greek system. The authors examined planning constraints in the Cyclades prefecture and how, through the use of interconnection grids, the favourable wind conditions could be exploited. Georgiou et al. [4] examined the effect of the Islands' interconnection to the Greek power sector.
Their extensive analysis showed that RES are highly essential as their break in the power production mix is possible to reach 56% of the total electricity demand. Since 2005, the studies from Papadopoulos et al. [5 -6] , and Karamanou et al. [7] , the updated strategic study on the interconnection of Greek Islands from the Institute of Communication and Computer Systems [8] , and lately the study for the interconnection of Crete with the mainland [9] predicates the academic and intensifies the commercial interest for the exploitation of the dominant wind power of the Greek Islands. The above mentioned studies [5 -9] examine different scenarios regarding their connection with the mainland. Grouping islands and defining interconnection schemes, setting the limits (constraints) for the different seasonal load on a long-term basis lead to important conclusions about the interconnection of the Aegean Islands.
A larger body of recent papers and studies regarding the application of wind resource assessment in insular or remote areas worldwide has been carried out. Palaiologou et al. [10] performed a statistical analysis followed by a power production analysis and a power map production in the Island of Lesvos. Prasad et al. [11] However, there is not a detailed study in the literature that links the need for wind energy in an isolated area in order to take advantage the dominant wind speed on that area and the interconnection costs with the mainland and the. This paper is a unique case study since it deals with an island close to the shore (17km) with extremely good wind conditions and can actually be seen as a part of the mainland system or just as an isolated system (covering only the island's energy needs). A detailed flowchart of the analytical evaluation process and the analytical investment tool can be seen in figure   1 . 
where k is the (dimensionless) shape parameter showing how peaked the wind distribution is, and c is the windy (dimensionless) scale parameter. k and c must be calculated using the Weibull probability plotting paper method. The cumulative distribution function is transformed into a linear form, adopting logarithmic scales and as the wind velocity is equal or lower than v we get:
If we plot that in axes ln(v) in X and ln{-ln 
Wind Resource Analysis
The total number of valid data used was 52,654 (missing data 0.4%) and the included number of calms (<2m/s) was 2,367. Based on the data, the WAsP software was used to produce a wind map of the area (Figure 4 ). The estimated wind speed could be visualized and different sites for WFs could be selected and proposed to be developed.
After the wind analysis implemented in the area ( Figure 4 ) the results show that the lowest average wind speed is 4.13 m/s and the highest is 11.75 m/s. This shows that in the island, even sites at low altitude or at sea level seem to present an exploitable profile. Because of that, many wind project developer companies and utilities have shown a clear interest on the wind energy exploitation of the area. Based on the Regulatory Authority for Energy (RAE) files, on the application files for power production licensing for new projects [26] , 322.15 MW have been proposed (submitted) to be installed in the island (figure 2). Are all these necessary for the system? Are all environmentally approved? What the least cost to High Voltage Direct Current (HVDC) interconnect Kythira Island with the shore and then to the closest substation? What is the most effective and at the same time least costly scenario?
Economic Analysis -Scenarios
The Greek State, following the general guidelines of the EU, encourages -as in other EU countries -the implementation of Renewable Energy projects by private funds.
In specific every RES project owner can apply for subsidization and be supported on the basis of the well known Feed-in-Tariff (FiT) financing scheme under the frames of the development law [27] . The FiT mechanism used in other countries as well [28] [29] in order to support the RES-based units electricity provided to the grid. A fixed price per kWh payment -on the basis of Power Purchase Agreements (PPAs) signed among the Independent Power Producer (IPP) the Hellenic Transmission System Operator (HTSO) and the Public Power Corporation (PPC) -for electricity generated by a renewable resource is assured and annually readjusted following the official suggestion of the RAE [30] .
For that reason an analytical investment tool was developed and used for this study, and different scenarios were examined for the evaluation and proper exploitation of wind energy on the island.
The energy yield of a WF is usually expressed via the following:
where 8760 are the total hours within a year, Ci the installed capacity of the under examination WF in MW and ExCF
) is the Exergetic Capacity Factor as in [31] and [32] it explains better the meaning of the real capacity factor of the WF in the means of the actual use of energy. The Exergetic Capacity Factor includes all topographic and wake losses, electrical losses, wind turbine technical availability losses, and air density losses.
WF Cost Model -Cash Flow
The turnover (revenues) T 0 for the total of the 20 years of the contract of the WF are: 
where FiT is being redefined every year according to a decision of RAE. where PO are the salaries for the permanent employees of the WF during operation period (after construction till the end of life of the farm which is 20 years), M the required extension cost to be paid to the wind turbines manufacturers (fixed price most of the times per MW or turbine) in order the service to be undertaken from them, WT Ins a standard percentage based on the WFs total investment initial cost.
The proposed financial plan usually for a project is Equity: 25%, Dept: 35 -45% (full repayment period is set to be 10 years, with standard sinking fund and depending on the market rules a loan interest could be between 6 -7%), and subsidy: 30 -40%, depending of course on the size of the company and the prefecture that the project is proposed to be installed (there are amplifying mechanisms for the isolated areas that increase the state subsidization). It is necessary however, the proposed financial scheme to cover the minimum requirements in equity capitals set by the development law of 25% [27] . 
Taking into consideration that usually a private equity and dept ought to be fully be re-paid (depending on the subsidization) a 60 -70% of the total Investment Cost, IC is the participation rate out of all. Therefore for the Unamortized Value, UV: 
and update the calculations, on a yearly basis, based on the loan balance update.
Therefore, Before Tax Earnings, Pp-tax, are given from: 
Where NRA the Net Repayment Amounts. Calculating the Cumulative Cash Flow 
which gives us the Net Present Value (NPV), the project repayment period (when the cash flow turns to positive), the Cumulative Revenues and finally the Project IRR.
The project IRR is the discount rate that makes the NPV of all cash flows of the project equal to zero.
Constraints
In Kythira Island the scenarios based on the above mentioned WF Cost Model can be specified and by following a "wind symbiosis" study, the maximum of the wind available for exploitation shall be revealed. The basic aim was to select different sites within the under examination area and estimate weather these sites were promising for WF development or not based on the existing constraints. Small villages located in the island and at the same time the interesting wind speed results make necessary the need for such a plan. A GIS-based methodology was used for the preliminary evaluation of the area. Taking into consideration planning constraints based on the Special were taken into consideration.
Examined Scenarios
For the planning, the proposed wind turbines to be used by the project developers were ENERCON E82-2.0 MW and VESTAS V90-3.0 MW, based primarily on the wind classification restrictions [35] . Based on the wind farm results and costs several scenarios were examined.
It's rather clear that from the remaining areas only few of them, following the applications of the wind developers in the Kythira Island can be exploited based on the wind results. It was found that at maximum 122 MW do not "concur" on some constraint and could be possibly developed and since a detailed wind resource analysis (50x50 m.) was implemented in the previous section, a draft estimation of the power output of the wind farms could be done (Table A1 -Appendix). The spatial distribution of the proposed WFs and the substations are shown on the power density map of the Kythira Island ( Figure 6 ). In this scenario, a preliminary design of the proposed WFs was done and the internal and external cable routes (for the MV these routes will follow the roads for the transportation) were drawn in order to identify the length of the needed cabling. For the internal MV grid there will be needed 4 km for the 1 st group of WFs, 10 km MV for the 2 nd group of WFs and 2 km for the 3 rd WF ( figure 6 ). For the external interconnection till the substations 18 km MV for the 3 rd WF, 10 km of HV cable to get from the lower substation to the upper substation and 6 km of HV cables for the 1 st group of the WFs to be transferred to the upper substation.
Furthermore, for the whole project 19 km of submarine cable and another 10 km to get to the PPC substation and connect with the grid in the mainland. The positions of the substations were selected under i) the metacentre principle/concept of the power generated, ii) the need also for the produced electricity to be transferred to the mainland avoiding building the upper substation in the SPA area on the northern side of the island and at the same time iii) trying as much as possible to shorten the submarine cable needed to the shore due to its significant cost (Figures 4, 5 ). The costs for the interconnection of the Kythira Island were taken from RAE's study for the Consent of the Interconnection to the Transmission System study [36] .
The interconnection losses were calculated based on the above mentioned study but also based on [37] from the formula: According to RAE's study [36] , the estimated cost per km, CL, of a HV line between 1.5 and 10 km is given based on the formula:
where X 10 the HV line cost per km of greater or equal length than 10 km and X 1.5 the HV line cost per km of greater or equal length than 1.5 km according to Table A2 (Appendix). Regarding the costs for the MV cables, they were estimated from the connection offers from the Hellenic Transmission System Operator (HTSO) [38] , while for the wind turbine costs, submarine cable, the estimated cost was taken after personal contact of the author with wind project developers [39], [40] . Also, based on the Law 3851 [34] , new submarine interconnection necessary to drive produced energy to the grid could be subsidized according to the formula:
where l is the length of the submarine cable and Ci the proposed installed capacity of the Wind Farms. Based on a typical wind farm cost breakdown analysis [41] as well, the economic results for all the scenarios are shown on Table 3 . It is clear from the last two diagrams that the bigger the fraction the more profitable is the investment, however from the first diagram it is obvious that even with a very small difference the scenario of 112 MW it has a higher project IRR. Project IRR or NPV were taken as a fraction numerator and subsidy or subsidy % was taken as a denominator in the fraction as the idea was to get the fraction with the highest possible value. Introducing these indices it is easily understandable that the goal, in terms of improving social welfare, is to -at the same time -increase the profits for the investor, lowering as much as possible the state subsidization for the proposed projects.
Conclusions
In this paper a detailed wind resource analysis of Kythira Island was done and an spatial and an economic analysis was done in order to discover the optimum solution for the exploitation of the dominating wind energy in the island in order the isolated island to be HV interconnected with the mainland. The aim was to develop a case study in order to support an analyzing method focused, of course, in the optimal planning that is necessary however to be followed for all private investments which the state partly subsidizes. Aiming at decreasing the state subsidization and at the same time maximizing the investor profit, respecting all environmental constraints, the study showed that it is not possible the 322.15 MW of proposed Wind Farms to be constructed in the island. Following the results of the spatial analysis it was found that only up to 122 MW could be developed and proceed seriously to construction. Also, taking into consideration the results of the economic analysis it was found that either 122 or 112 MW could at the same time satisfy the need for increasing the profits of the investor and the need for low subsidization from the state (prerequisite due to the constant deepening of the Greek dept crisis). In practice, it is shown that for the last scenario, SCE_7 (table 3) , the Project IRR is significantly lower than in the other cases (18.25%) and partly out of the scope of this paper as it does not contribute to the HV interconnection plan of Kythira Island with the mainland (21 MW only need a medium voltage submarine cable). However, it was studied in order to offer to the reader a more holistic approach and the ability to compare. The indices (Project IRR / Subsidy %) introduced shows quite clearly that either the scenario of 122 MW or 112
MW should be developed, as an alternative the plan of 102 MW and only if this is not possible then to proceed to the 92 or 82 MW. It seems that the scenarios of 51 or 21
MW should be avoided. The other index introduced, NPV / Subsidy, deadens these gaps, however, it stresses once again the importance of the first two scenarios.
In any case, the need to optimize the planning and the use of the renewable energy, is becoming more intense, especially nowadays, day after day in an economically fickle world and more studies should follow towards that direction. 
